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CLAIMS 
(Amended on August 4, 1998) 



1 A method for determining the portion of a mobile station located 

!Ln« directed in different directions, and in which method. 
, 0 ^ <A \"aUeve,s (B, of the signals received by the different antenna 

beams - —ed,^ ^ ^ ^ ^ ^ ^ ^ mQbi , e sta . 

15 determined on the basis o, the re,ations between the s,gna, levels (F. G, H. I. 

J ' ££T ZZZZZ- base station is 

on the JTcZTE, advance <TA>, given* the mo* ^ -ase 

station and the propagation speed of the radio signals, character 

20 ,h3t said distance and said direction is used for maKing a handover de- 
cision on the basis of the location of the mobiie station^ 

■> A method according to claim 1, characteriiso 

-"-rrrsr^ -"'h 

ing . beam' by which signals wHh *. = est 

oeived and at least one of the adjacent beams ° ^ , he direc . 

for the chosen antenna beams. , characterized in deter- 

4 A method according to claim 1, characterize 

^*^rt^1)Stflr- chosen beam, if the signal level 
35 - in the centre (A1) of the T.rst c essentially 

(RSSI1) of the signals received by the beam .n quest.on <i) 
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high er than the signal level (RSSI2) of the signals received by the other cho- 
sen antenna beam «^ ^ ^ ^ ^ ^ ^ , ^ 
level (RSS11 , RSSI2) of the signals received by the chosen antenna beams (1 , 

s 2^ is substantially the same, and 

2> . between (A3) the centre (A1) of the firs, chosen an enna beam ^ 

a „H the border zone (A2) of the beams (1, 2), if the signal level (RSSM) of he 
Zl re~* by L first antenna beam (1) is somewhat higher than the 
JL (RSSI2) of the signals received by the other antenna beam. 

0 S,9 " a ' '"^ Basl slon (BTS1, o, a radio system, which base station com- 

PriS6S antenna equipment (1 - 4. 6, 7) for receiving signals ^ a -tain 
mobile station simultaneously by a, leas, two antenna beams (1 - 4, d.rected ,n 

15 d ' fferent equipment (8) for measuring .he signal ievels of .he sig- 

nals received by the different antenna beams, 

equipment for defining a timing advance (TA) for the 
(MS1 which is in radio connection with the base station to compensate for a 
rme ,; caused by the distance between the mobi,e station and .he base sta- 

20 ,IO "' and calculation means (9, which are responsive to the ^asuring 
eouioment (8) for determining the direction from the base station (BTS1) to the 
moXsfcfion (MS) on the basis of the relations of the signal levels measured 
mob.le stat.cn ims o calculation means (9) com- 

for the different antenna beams (1 4) ana »>" ,rtsii 

for the mobiie station and the propagation speed of the radio signals, c h a r - 

3 C 16 ' ' "at ca'clion means are adapted to transm* said direction and 
30 said distant further in the sys.em in order .o be used for maKing handover 

dedSi0nS ' 6. Base station according to Cairn 5 , c h a r a c t e r i zed in that 
, , * nn mM ™ are arranged for calculating for each beam (1 - 4) 
Z '-isof the signals received from the mobile 
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mobile station (MS) on the basis of relations between the calculated mean 
values. 

7. Base station according to claim 5, characterized in that 
the calculation means (9) include means for choosing the antenna beam (1) 
with the strongest signal level and at least one adjacent beam (2), whereby the 
calculating means (9) are arranged for determining the direction from the base 
station (BTS1) to the mobile station (MS) on the basis of the relations of the 
signal levels (RSSI1, RSSI2) of the signals received via the chosen antenna 
beams (1, 2). 

8. Base station according to claim 5, characterized in that 
said base station is a base station (BTS1) of a cellular radio system divided 
into logical traffic channels in accordance with a TDMA principle. 
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Menetelma matkaviest imen sijainnin selvi t tamiseksi 

Taman keksinnon kohteena on menetelma radiojarjes- 
telman tukiaseman peittoalueella sijaitsevan matkaviesti- 
men sijainnin selvittamiseksi , jossa : menetelmassa tu- 
kiasema kasittaa valineita saman matkaviest imen lahettami- 
en signaalien vastaanottamiseksi samanaikaisest i ainakin 
kahdella eri suuntiin suunnatulla antennikeilalla , j a 
jossa menetelmassa: mitataan eri antennikeiloilla vastaan- 
otettuj en signaalien signaalitasoj a, verrataan samalta 
matkaviest imelta eri antennikeiloilla vastaanotettuj en 
signaalien signaalitaso j a keskenaan, ja paatellaan suunta 
jossa matkaviestin sijaitsee tukiaseman suhteen eri anten- 
nikeilojen osalta mitattujen signaalintasoj en suhteiden 
perusteella. Keksinnon kohteena on lisaksi radio j arj estel- 
man tukiasema, joka kasittaa antennivalineita signaalien 
vastaanottamiseksi maaratylta matkaviestimelta samanaikai- 
sesti ainakin kahdella eri suuntiin suunnatulla antenni- 
keilalla, mittausvalineita eri antennikeiloilla vastaan- 
otettujen signaalien signaalitaso jen mittaamiseksi , mit- 
tausvalineille vasteelliset laskinvalineet suunnan maarit- 
tamiseksi tukiasemalta matkaviestimelle eri antennikeilo- 
jen osalta mitattujen signaalitaso j en suhteiden perusteel- 
la, ja valineita a joitusennakon nimeamiseksi tukiasemaan 
radiosignaaleilla yhteydessa olevalle matkaviestimelle 
taman ja tukiaseman valisen etaisyyden aiheuttamien ajal- 
lisen viiveen kompensoimiseksi . 

Kasitteella eri suuntiin suunnatuilla antennikei- 
loilla tarkoitetaan tassa yhteydessa, etta tukiaseman 
kattama radiosolu on j aettu vierekkaisiin sektoreihin 
joista vastaanotetaan samaan loogiseen kanavaan liittyvia 
signaaleja (sama taajuuskanava ja aikavali) , ja etta jo- 
kaiseen sektoriin on suunnattu suunta-antenni tai vastaa- 
va, jolla voidaan vastaanottaa kyseisesta sektorista lah- 
toisin olevia signaaleja. Tukiaseman antennit on kuitenkin 
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edullisesti suunnattu siten, etta ne limittyvat ainakin 
osittain niiden valisilla raj a- vyohykkeilla . 

Keksintd liittyy solukkoradiojar jestelman, esimer- 
kiksi GSM- j arj estelman (Groupe Special Mobile) matkavies- 
5 timen sijainnin selvittamiseen . Ennestaan tunnetaan rat- 
kaisuja, joissa matkaviestimen sijainti on selvitetty 
tarkastamalla esimerkiksi GSM- jar j estelman matkapuhelin- 
keskuksen HLR-rekisterista (Home Location Register) missa 
radiosolussa matkaviestin maaratylla hetkella sijaitsee. 

10 Taman tunnetun ratkaisun merkittavin heikkous on kuitenkin 
sen epatarkkuus. Eli koska edella mainitussa tunnetussa 
ratkaisussa saadaan selville ainoastaan missa radiosolussa 
matkaviestin sijaitsee, riippuu luonnollisesti matkavies- 
timen paikantamistarkkuus suoraan kyseisen radiosolun 

15 koosta. Radiosolujen koko vuorostaan riippuu taysin ra- 
dio j arj estelman ominaisuuksista, mutta esimerkiksi GSM- 
jar jestelmassa tallaisen radiosoluun perustuvan paikanta- 
misen epatarkkuus voi tyypillisesti olla useita kilometre- 
ja. 

2 0 Kaytannossa on kuitenkin esiintynyt tarvetta siihen, 

etta matkaviestimen sijainti voitaisiin selvittaa suurem- 
malla tarkkuudella . Esimerkiksi kanavanvaihdon (handover) 
yhteydessa olisi tarpeellista selvittaa matkaviestimen 
tarkka maantieteellinen sijainti. Nykyisellaan kanavan- 

25 vaihto perustuu mm. GSM- jar jestelmassa vastaanotettu j en 
signaalien signaalitasoon ja laatuun, eika suinkaan matka- 
viestimen sijaintiin. Nain ollen hetkelliset radiohairiot 
saattavat j ohtaa tarpeettomaan kanavanvaiht o - ope raat ioon , 
eli matkaviestin siirretaan solusta toiseen kun signaali- 

30 taso tai laatu alittaa ennalta maaratyn rajan, jonka jal- 
keen kanavanvaihto-operaatio toistetaan mutta painvastai- 
seen suuntaan eli matkaviestin palautetaan alkuperaiseen 
soluun hairion vaikutuksen paatyttya. 

Eras toinen tilanne, jossa olisi tarpeen selvittaa 

35 matkaviestimen tarkka sijainti liittyy varastetun matka- 
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viestimen tai esimerkiksi SIM-kortin (Subscriber Identity 
Module) paikantamiseen . Tunnetuissa ratkaisuissa , joissa 
matkaviestimen paikantamisen epatarkkuus on suuruusluokal - 
taan useita kilometreja, on kaytannossa varastetun matka- 
5 viestimen paikantaminen lahes mahdotonta. 

Tainan keksinnon tarkoitus on ratkaista edella maini- 
tut ongelmat ja saada aikaan entista tarkempi menetelma 
matkaviestimen sijainnin selvittamiseksi . Tama paamaara 
saavutetaan keksinnon mukaisella menetelmalla , jolle on 
10 tunnusomaista , etta lasketaan etaisyys matkaviestimelta 
tukiasemalle tukiaseman matkaviestimelle nimeaman ajoi- 
tusennakon ja radiosignaalien etenemisnopeuden perusteel- 
la. 

Keksinnon kohteena on lisaksi tukiasema, jonka 

15 avulla keksinnon mukaista menetelmaa voidaan soveltaa. 

Keksinnon mukaiselle tukiasemalle on tunnusomaista, etta 
laskinvalineisiin kuuluu valineita tukiaseman ja matka- 
viestimen valisen etaisyyden laskemiseksi matkaviestimelle 
nimetyn a j oitusennakon seka radiosignaalien etenemisnopeu- 

20 den perusteella. 

Keksinto perustuu siihen ajatukseen, etta matkavies- 
timen sijainti voidaan selvittaa merkittavast i suuremmalla 
tarkkuudella kuin ennestaan tunnetuissa ratkaisuissa kun 
sen signaaleja vastaanotetaan ainakin kahdella keskenaan 

25 eri suuntiin suunnatulla antennikeilalla ja kun verrataan 
miten hyvin matkaviestimen lahettamat signaalit kuuluvat 
eri keiloilla. Eli matkaviestimen lahettamat signaalit 
kuuluvat normaalisti parhaiten silla antennikeilalla, joka 
on suunnattu suoraan kohti matkaviestinta . Nain ollen 

30 saadaan selville minka keilan sisalla matkaviestin sijait- 
see . Kun lisaksi tiedetaan mihin suuntaan kyseinen keila 
on suunnattu voidaan suunta matkaviestimeen helposti sel- 
vittaa. Se miten lahella kyseisen keilan keskiosaa tai 
vastaavasti reunaosia matkaviestin sijaitsee, voidaan 

35 selvittaa vertaamalla kyseisella keilalla vastaanotettuj en 
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signaalien signaalitasoa "paakeilalla" vastaanotettu j en 
signaalien signaalitasoon . Nain ollen suunta tukiasemalta 
matkaviestimelle voidaan selvittaa eri keiloilla vastaan- 
otettu j en signaalien signaalitasosuhteiden avulla. Taman 
5 lisaksi etaisyys matkaviestimelta tukiasemalle voidaan 
keksinnon mukaisesti laskea tukiaseman matkaviestimelle 
nimeaman a j oitusennakon ja radiosignaalien etenemisnopeu- 
den perusteella. Esimerkiksi GSM- jar j estelmassa on jo 
ennestaan kaytdssa niin sanottu a joitusennakko (Timing 

10 Advance), jonka tukiasema ilmoittaa matkaviestimelle, 
jotta tama tietaisi miten paljon sen tulisi ennenaikaistaa 
signaaliensa lahettamista jotta signaalit saapuisivat 
oikealla hetkella ja oikeassa aikavalissa tukiasemalle 
matkaviestimen ja tukiaseman valisesta etaisyydesta huoli- 

15 matta. Tukiaseman matkaviestimelle nimeama a j oitusennakko 
kuvaa nain ollen aikaa joka kuluu siita kun matkaviestin 
on lahettanyt signaalin kunnes kyseinen signaali on peril - 
la tukiasemalla . Nain ollen a j oitusennakon perusteella 
voidaan arvioida tukiaseman ja matkaviestimen valista 

20 etaisyytta kun signaalien etenemisnopeus on tiedossa. 

Keksinnon mukaisen ratkaisun merkittavin etu on nain 
ollen, etta matkaviestimen sijainti, eli seka suunta etta 
etaisyys tukiasemaan nahden, voidaan selvittaa merkitta- 
vasti aiempaa tarkemmin mika muun muassa mahdollistaa 

2 5 kanavanvaihtopaatosten tekemisen matkaviestimen sijainnin 
perusteella, jolloin turhilta kanavanvaihdoilta valtytaan, 
seka esimerkiksi varastetun matkapuhelimen paikantamisen 
entista tarkemmin . 

Jotta hetkelliset hairiot eivat paasisi merkittavas- 

30 ti vaikuttamaan matkaviestimen sijainnin selvittamiseen 
lasketaan eraassa keksinnon mukaisen menetelman edullises- 
sa suoritusmuodossa antennikeilakohtaista keskiarvoa maa- 
ratylta matkaviestimelta vastaanotettu j en signaalien sig- 
naalitasoille maaratyn pituisen aikajakson ajan, jolloin 

35 matkaviestimen sijainti selvitetaan laskettujen keskiarvo- 



PCT/FI 9 7 / 0 0 J ; ? 

5 

jen suhteiden perusteella. 

Keksinnon mukaisen menetelman ja tukiaseman edulli- 
set suoritusmuodot ilmenevat oheisista epaitsenaisista 
patentt ivaatimuksista 2-4 ja 6-8. 
5 Keksintoa selostetaan seuraavassa lahemmin muutaman 

edullisen suoritusmuodon avulla viitaten oheisiin kuvioi- 
hin, joista 

kuvio 1 esittaa vuokaaviota keksinnon mukaisen mene- 
telman ensimmaisesta edullisesta suoritusmuodosta, 
10 kuvio 2 havainnollistaa keksinnon mukaisen tu- 

kiaseman ensimmaista edullista suoritusmuotoa, 

kuvio 3 esittaa suurennosta kuvion 2 tukiaseman 
vastaanottokeiloista, ja 

kuvio 4 esittaa lohkokaaviota kuvion 2 tukiasemasta . 
15 Kuvio 1 esittaa vuokaaviota keksinnon mukaisen mene- 

telman ensimmaisesta edullisesta suoritusmuodosta. Kuvion 
1 vuokaaviota voidaan soveltaa esimerkiksi GSM- jarjestel- 
man tukiasemassa matkaviestimen sijainnin selvittamiseksi . 

Lohkossa A vastaanotetaan signaaleja matkaviestimel- 
2 0 ta MS useamman keskenaan eri suuntiin suunnatun antenni- 
keilan valityksella . Kaytettavat antennikeilat ovat edul- 
lisesti suhteellisen kapeita keiloja jotka on suunnattu 
siten, etta ne ainakin osittain limittyvat (vertaa kuvio 
2) . 

25 Lohkossa B mitataan vastaanotetun signaalin signaa- 

litaso RSSI (Received Signal Strength Indication) kunkin 
keilan kautta vastaanotetuille signaaleille . 

Lohkossa C lasketaan keilakohtainen keskiarvo ennal- 
ta maaratyn mittaisen aikajakson sisalla mitatuille RSSI- 

30 arvoille. Laskemalla keskiarvo RSSI -arvoille valtytaan 
silta etta hetkelliset hairiot paasisivat vaikuttamaan 
matkaviestimen sijainnin selvittamiseen . Esimerkiksi GSM- 
j ar j estelmassa voidaan kyseinen aikajakso voidaan valita 
siten, etta keskiarvo lasketaan muutamalle matkaviest imel - 

35 ta vastaanotetulle purskeelle. 
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Lohkossa D valitaan ensimmainen keila jonka RSSI 
keskiarvo (=RSSI1) on korkein. Taman lisaksi valitaan 
ainakin yksi kyseisen keilan naapurikeiloista toiseksi 
keilaksi, jolloin valitaan edullisesti se naapurikeila , 
5 jolla on korkeampi RSSI keskiarvo (=RSSI2) . 

Lohkossa E verrataan eri keilojen RSSI-arvoja kes- 
kenaan laskemalla valittujen keilojen RSSI keskiarvojen 
suhde RSSI1/RSSI2. 

Lohkossa F tarkistetaan onko keilojen RSSI suhde 
10 suurempi kuin ennalta maaratty vertailuarvo K. Vertailuar- 
vo on valittu siten, etta se on olennaisesti suurempi kuin 
1. Jos RSSI suhde ylittaa vertailuarvon merkitsee tama, 
etta matkaviestin kuuluu merkittavasti paremmin ensimmai- 
sen valitun keilan kautta kuin toisen valitun keilan kaut- 
15 ta, mika merkitsee, etta matkaviestin sijaitsee ensimmai- 

sen keilan keskiosan suunnassa. Talloin siirrytaan lohkoon - 
G, jossa selvitetaan suunta jonne ensimmainen valittu 
keila on suunnattu, eli suunta jossa matkaviestin sijait- 
see . 

20 Lohkossa H tarkistetaan jos RSSI suhde on lahes 1. 

Mikali nain on merkitsee se, etta matkaviestin kuuluu 
lahes yhta hyvin molempien valittujen keilojen kautta. 
Tama vuorostaan merkitsee, etta matkaviestin sijaitsee 
keilojen valisessa ra j avyohykkeessa . Talloin siirrytaan 

25 lohkoon I jossa selvitetaan suunta jossa valittujen keilo- 
jen valinen rajavyohyke (ja matkaviestin) sijaitsee. 

Mikali keilojen RSSI suhde ei ole suurempi kuin 
vertailuarvo K eika keilojen RSSI suhde ole lahes 1 siir- 
rytaan lohkoon J. Talloin todetaan etta matkaviestin kuu- 

3 0 luu jonkin verran paremmin ensimmaisen valitun keilan 
kautta kuin toisen valitun keilan kautta, mika merkitsee 
etta matkaviestin sijaitsee ensimmaisen valitun keilan 
keskiosan ja valittujen keilojen valisen ra j avyohykkeen 
valissa. Mikali on tarpeellista arvioida suunta matkavies- 

3 5 timelle viela tatakin tarkemmin, voidaan kyseinen suunta 
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arvioida keilojen valisen RSSI-suhteen avulla. Tama edel- 
lyttaa etukateen suoritettavien mittausten tekemista, 
jotta saataisiin tasmallinen kuva siita miten keilojen 
valinen RSSI-suhde muuttuu matkaviest imen siirtyessa kei- 
5 lojen valiselta ra j avyohykkeelta kohti ensimmaisen keilan 
keskiosaa . 

Kuvion 1 vuokaaviota noudattamalla saadaan selville 
ainoastaan suunta tukiasemalta matkaviest imelle . Taman 
lisaksi voi olla tarpeen saada selville myos etaisyys 
10 tukiasemalta matkaviest imelle . Keksinnon mukaisesti kysei- 
nen etaisyys voidaan laskea tukiaseman matkaviestimelle 
nimeaman a j oitusennakon perusteella, eli 



etaisyys = a j oitusennakko * radiosignaalien nopeus 

15 

Se tarkkuus milla matkaviestimen sijainti tukiaseman 
suhteen saadaan selville riippuu luonnollisesti kaytetty- 
jen antennikeilojen leveydesta seka siita tarkkuudesta, 
jolla tukiasema laskee matkaviestimelle a j oitusennakon . 

20 Esimerkiksi GSM- j ar j estelmassa voidaan kuitenkin edella 
selostetulla tavalla selvittaa matkaviestimen sijainti 
tyypillisesti noin 0,5 x 0,5 km tarkkuudella , kun tu- 
kiaseman antennikeilojen leveys on noin 30°. 

Kuvio 2 havainnollistaa keksinnon mukaisen tu- 

25 kiaseman ensimmaista suoritusmuotoa . Kuvion 2 tukiasema 
BTS1 voi olla esimerkiksi GSM- jar jestelman tukiasema, joka 
kasittaa valineita matkaviestimen MS lahettamien signaali- 
en vastaanottamiseksi kuvion esitetysta radiosolusta sa- 
manaikaisesti neljalla vastaanottokeilalla 1-4. Kuviossa 2 

30 on havainnollistettu radiosolun rajaa katkoviivoilla R. 

Kuvion 2 matkaviestin MS sijaitsee keilojen 1 ja 2 
valisella raj avyohykkeella, minka vuoksi se kuuluu lahes 
yhta hyvin seka keilalla 1 etta keilalla 2. Eli tukiasema 
BTS1 laskema RSSI suhde keilojen 1 ja 2 osalta on lahes 1. 

35 Kuvio 3 esittaa suurennosta kuvion 3 tukiaseman 
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arvo. Vaihtoehtoisesti RSSI -vastaanotin voi suorittaa 
keilan valinnan myos jollakin toisella tavalla, kuten 
ottamalla RSSI-arvon lisaksi huomioon myos jonkin signaa- 
lin laatua kuvaavan arvon kuten bitt ivirhesuhteen BER. 
5 Tallainen ratkaisu kuitenkin monimutkalstaa RSSI - vastaan- 
ottimen rakennetta . 

Mikali kaytetaan sellaista vastaanot inta joka kyke- 
nee toteuttamaan diversiteettivastaanottoa, voi RSSI-vas- 
taanottimessa olla kaksi lahtoa, jolloin RSSI -vastaanot in 

10 valitsee kayttoon kaksi parasta antennikeilaa seka valit- 
taa niiden valityksella vastaanotetut signaalit edelleen 
tukiaseman varsinaiselle vastaanottimelle . Tallaisella 
j ar j estelylla voidaan saavuttaa noin 3 dB parannus sekto- 
reiden valisella ra j avyohykkeella sijaitsevan matkaviesti- 

15 men signaalien vastaanotossa . 

Keksinnon mukaisesti RSSI-vastaanotin 8 syottaa eri 
keiloille mitatut RSSI arvot laskimelle 9. Laskin 9 voi 
muodostua esimerkiksi matkaviestimen paikantamiseksi tu- 
kiasemaan lisatysta prosessorista seka tietokoneohjelmas- 

20 ta. 

Laskin 9 laskee mittaustulosten perusteella antennikeila- 
kohtaista keskiarvoa vastaanotetuille signaaleille . Koska 
kuvion 4 tukiasema on GSM- j ar j estelman tukiasema, jossa 
taajuuskanavat on jaettu aikavaleihin TDMA-periaatteella, 

25 laskee laskin 9 antennikeilakohtaisen keskiarvon erikseen 
jokaiselle loogiselle kanavalle. Taman jalkeen laskin 
selvittaa suunnan tukiasemalta matkaviestimelle kuten 
kuvion 1 vuokaaviossa on esitetty. 

Laskimelle 9 syotetaan keksinnon mukaisesti myos 

3 0 tukiaseman matkaviestimelle nimeamaa ajoitusennakkoa (Ti- 
ming Advance) kuvaavaa signaalia TA. Kyseisen signaalin 
perusteella laskin laskee etaisyyden matkaviestimeen kuten 
kuvion 1 vuokaavion yhteydessa on selostettu. 

Laskimen lahdosta syotettava signaali POS ilmaisee 

35 nain ollen matkaviestimen sijainnin tukiasemaan nahden 
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(suunta + etaisyys) kyseinen tiedon perusteella voidaan 
esimerkiksi kanavanvaihto-operaat iot (handover) a joittaa 
entista paremmin, koska ne talloin perustuvat matkaviesti- 
men paikkat ietoon . Lisaksi matkaviestimen sijaintia kuvaa- 
5 va paikkat ieto voidaan valittaa edelleeri tukiasemaoh j aimen 
j a matkapuhelinkeskuksen kautta verkonhallintakeskukseen, 
jolloin operaattori voi verkonhallintakeskuksesta kasin 
entista tarkemmin selvittaa matkaviestimen sijainnin. 

On ymmarrettava, etta edella oleva selitys ja siihen 

10 liittyvat kuviot on ainoastaan tarkoitettu havainnollista- 
maan esilla olevaa keksintoa. Nain ollen keksinnon mukais- 
ta ratkaisua voidaan soveltaa myos muissa solukkoradio j ar- 
jestelmissa kuin yksinomaan GSM- jar jest elmassa . Alan am- 
mattimiehille tulevat olemaan ilmeisia myos muut erilaiset 

15 keksinnon variaatiot ja muunnelmat ilman etta poiketaan 
oheisissa patenttivaat imuksissa esitetyn keksinnon suoja- 
piirista ja hengesta. 
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Patenttivaatimukset : 

1. Menetelma radio j arj estelman tukiaseman peittoalu- 
eella sijaitsevan matkaviestimen sijainnin selvittamisek- 

5 si, jossa menetelmassa tukiasema kasittaa valineita saman 
matkaviestimen lahettamien signaalien vastaanottamiseksi 
samanaikaisesti ainakin kahdella eri suuntiin suunnatulla 
antennikeilalla (A), ja jossa menetelmassa: 

mitataan eri antennikeiloilla vastaanotettu j en sig- 
10 naalien signaalitaso j a (B) , 

verrataan samalta matkaviestimelta eri antennikei- 
loilla vastaanotettujen signaalien signaalitaso j a keske- 
naan (C, D, E) , ja - 

paatellaan suunta jossa matkaviest in si j ait see tu- 
15 kiaseman suhteen eri antennikeilo j en osalta mitattujen 
signaalintasojen suhteiden perusteella (F, G, H, I, J) , 
tunnettu siita, etta 

lasketaan etaisyys matkaviestimelta tukiasemalle tu- 
kiaseman matkaviest ime lie nimeaman ajoitusennakon j a ra- 
20 diosignaalien etenemisnopeuden perusteella. 

2. Patenttivaat imuksen 1 mukainen menetelma, tun- 
nettu siita, etta lasketaan mittaustuloksille kes- 

kiarvo maaratyn aikajakson aikana (C) ja paatellaan suun- 
ta, jossa matkaviestin sijaitsee laskettujen keskiarvojen 
25 suhteiden perusteella. 

3. Patenttivaatimuksen 1 mukainen menetelma, tun- 
nettu siita, etta valitaan keila jonka kautta on 

vastaanotettu signaalitasoltaan voimakkaimmat signaalit 
seka ainakin yksi taman keilan naapurikeiloista (D) , ver- 
30 rataan kyseisille antennikeiloille mitattuja signaalitaso- 
ja keskenaan (E) , ja paatellaan suunta, jossa matkaviestin 
sijaitsee valittujen antennikeilo j en signaalitaso jen suh- 
teen perusteella. 

4. Patenttivaatimuksen 1 mukainen menetelma, t u n - 
35 n e t t u siita, etta paatellaan matkaviestimen sijait- 
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sevan 

- ensimmaisen valitun keilan keskiosassa (Al) , jos 
kyseisella keilalla (1) vastaanotettu j en signaalien sig- 
naalitaso (RSSI1) on olennaisesti korkeampi kuin toisella 

5 valitulla antennikeilalla (2) vastaanotettu j en signaalien 
signaalitaso (RSSI2) , 

- antennikeilojen valisessa raj avyohykkeessa (A2), 
jos valituilla antennikeiloilla (1, 2) vastaanotettu j en 
signaalien signaalitaso (RSSI1, RSSI2) on olennaisesti 

10 sama, ja 

- ensimmaisen valitun antennikeilan (1) keskiosan 
(Al) ja keilojen (1, 2) valisen ra j avyohykkeen (A2) valis- 
sa (A3), jos ensimmaisella keilalla (1) vastaanotettu j en 
signaalien signaalitaso (RSSI1) on jonkin verran suurempi 

15 kuin toisella antennikeilalla vastaanotettu j en signaalien 
signaalitaso (RSSI2) . 

5. Radiojarjestelman tukiasema (BTS1) , joka kasittaa 
antennivalineita (1-4, 6, 7) signaalien vastaanotta- 
miseksi maaratylta matkaviestimelta samanaikaisesti aina- 
20 kin kahdella eri suuntiin suunnatulla antennikeilalla (1- 
4) , 

mittausvalineita (8) eri antennikeiloilla vastaan- 
otettujen signaalien signaalitaso j en mittaamiseksi , 

mittausvalineille (8) vasteelliset laskinvalineet 
25 (9) suunnan maarittamiseksi tukiasemalta (BTS1) matkavies- 

timelle (MS) eri antennikeilojen (1-4) osalta mitattujen 
signaalitasojen suhteiden perusteella, ja 

valineita aj oitusennakon (TA) nimeamiseksi tu- 
kiasemaan radiosignaaleilla yhteydessa olevalle matkavies- 
3 0 timelle (MS) taman ja tukiaseman valisen etaisyyden aihe- 
uttamien ajallisen viiveen kompensoimiseksi , t u n n e t- 
t u siita, etta 

laskinvalineisiin (9) kuuluu valineita tukiaseman 
(BTS1) ja matkaviestimen (MS) valisen etaisyyden laskemi- 
35 seksi matkaviestimelle nimetyn a j oitusennakon (TA) seka 
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radiosignaalien etenemisnopeuden perusteella. 

6. Patenttivaatimuksen 5 mukainen tukiasema, t u n- 
n e t t u siita, etta laskinvalineet (9) on sovitettu 
laskemaan antennikeilakohtaista (1-4) keskiarvoa mainitul- 
5 ta matkaviestimelta (MS) eri antennikeiloilla vastaanotet- 
tujen signaalien signaalitasoista, jolloin laskinvalineet 
(9) on sovitettu maarittamaan suunnan tukiasemalta (BTS1) 
matkaviestimelle (MS) laskettujen keskiarvojen suhteiden 
perusteella . 

10 7. Patenttivaatimuksen 5 mukainen tukiasema, t u n- 

n e t t u siita, etta laskinvalineisiin (9) kuuluu vali- 
neita signaalitasoltaan voimakkaimman antennikeilan (1) 
valitsemisesi seka ainakin yhden naapurikeilan (2) valit- 
semiseksi, jolloin laskinvalineet (9) on sovitettu maarit- 

15 tamaan suunnan tukiasemalta (BTS1) matkaviestimelle (MS) 
valittujen antennikeilo j en (1, 2) kautta vastaanotettu j en 
signaalien signaalitaso j en (RSSI1, RSSI2) suhteen perus- 
teella . 

8. Patenttivaatimuksen 5 mukainen tukiasema, t u n- 
20 n e t t u siita, etta mainittu tukiasema on TDMA-periaat - 
teella loogisiin liikennekanaviin jaetun solukkoradio j ar- 
jestelman tukiasema (BTS1) . 
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(57) Tiivistelma 

Taman keksinnon kohteena on radio j ar j es - 
telman tukiasema (BTS1) , joka kasittaa 
antennivalineita (1-4) signaalien vas- 
taanottamiseksi maaratylta matkaviestimel- 
ta samanaikaisest i ainakin kahdella eri 
suuntiin suunnatulla antennikeilalla (1- 
4), ja mittausvalineita eri antennikei- 
loilla vastaanotettuj en signaalien signaa- 
litasojen mittaamiseksi . Jotta matka- 
viestimen (MS) sijainti saataisiin selvil- 
le entista tarkemmin kasittaa tukiasema 
(BTS1) mittausvalineille vasteelliset 
laskinvalineet suunnan maarittamiseksi tu- 
kiasemalta (BTS1) matkaviestimelle (MS) 
eri antennikeilo j en (1-4) osalta mitattu- 
jen signaalitasoj en suhteiden perusteella. 



Kuvio 2 
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(54) Title: METHOD FOR DETERMINING THE POSITION OF A MOBILE STATION 
(57) Abstract 

The present invention relates to a base station (BTS I) of 
a cellular radio system, which base station comprises antenna 
equipment (1-4) for receiving signals from a certain mobile 
station simultaneously by at least two antenna beams (l- 
4) directed in different directions, and measuring equipment 
for measuring the signal levels of the signals received by 
the respective antenna beams. For determining the position 
of the mobile station (MS) with greater accuracy the base 
station (BTS1) is provided with calculating means which 
are responsive to the measuring equipment to determine the 
direction from the base station (BTS1) to the mobile station 
(MS) by calculating the relations between the signal levels of 
the signals for the respective beams. 
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Method for determining the position of a mobile station 

The invention relates to a method for determining the position of a 
mobile station located in the coverage area of a base station in a radio system, 

5 in which method the base station comprises equipment for receiving signals 
from the same mobile station simultaneously by at least two antenna beams 
directed in different directions, and in which method: the signal levels of the 
signals received by the different antenna beams are measured, the signal lev- 
els of the signals received from the same mobile station by the different an- 

10 tenna beams are compared, and the direction to the mobile station in relation 
to the base station is determined on the basis of the relations between the sig- 
nal levels measured for the different antenna beams. The invention further re- 
lates to a base station of a radio system, which base station comprises an- 
tenna equipment for receiving signals from a certain mobile station simultane- 

15 ously by at least two antenna beams directed in different directions, measuring 
equipment for measuring the signal levels of the signals received by the differ- 
ent antenna beams, calculation means which are responsive to the measuring 
equipment for determining the direction from the base station to the mobile 
station on the basis of the relations of the signal levels measured for the dif- 

20 ferent antenna beams, and equipment for defining a timing advance for the 
mobile station, which is in radio connection with the base station, to compen- 
sate for a time lag caused by the distance between the mobile station and the 
base station. 

By the notion antenna beams turned in different directions is here 
25 meant that the radio cell covered by the base station is divided into adjacent 
sectors from which signals related to the same logical channel (the same fre- 
quency channel and time slot) are received, and that a directional antenna or 
the equivalent is directed to each sector, by which antenna signals can be re- 
ceived from the sector in question. The antennas of the base station are, how- 
30 ever, preferably directed so that they overlap at least partly in the border 
zones between them. 

The invention relates to determining of the position of a mobile sta- 
tion in a cellular radio system, e.g. the GSM system (Groupe Sp6cial Mobile). 
Prior solutions are known where the position of the mobile station has, for ex- 
35 ample, been determined by checking from the home location register (HLR) of 
the mobile switching centre of the GSM-system in which radio ceil the mobile 
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station is located at a certain moment. The most significant problem with this 
known solution is its inaccuracy. Since it can only be ascertained in which ra- 
dio cell the mobile station is located in the known solutions mentioned before, 
the accuracy of determining the position, of course, directly depends on the 
5 size of the radio cell in question. The size of the radio cells again totally de- 
pends on the properties of the radio system, but in the GSM system, for ex- 
ample, the inaccuracy of determining the position according to the radio cell 
can typically be several kilometers. 

However, in practice there has been a need for greater accuracy in 
10 determining the position of a mobile station. For example in connection with 
handover operations it would be necessary to determine the exact geographi- 
cal position of the mobile station. At present handover is, for instance in the 
GSM system, based on the signal level and quality of the signals received, 
and by no means on the position of the mobile station. Thus temporary radio 
15 disturbances can lead to an unnecessary handover operation, i.e. the mobile 
station is transferred from one cell to another when the signal level or quality 
falls below a predetermined level, after which the handover operation is re- 
peated but in the reverse direction, i.e. the mobile station is returned to the 
original cell when the disturbance is over 
20 Another situation where it would be necessary to determine the ex- 

act position of the mobile station is when a stolen mobile station or for exam- 
ple a SIM Card (Subscriber Identity Module) is to be located. In known solu- 
tions, where the inaccuracy in locating the mobile station is several kilometers, 
it is practically impossible to determine the position of a stolen mobile station. 
25 The object of the present invention is to solve the above mentioned 

problems and to achieve a more precise method for determining the position 
of a mobile station. This aim is achieved by the method of the invention, which 
is characterized in calculating the distance from the mobile station to the base 
station on the basis of a timing advance given to the mobile station by the 
30 base station and the propagation speed of the radio signals. 

The invention also relates to a base station by which the method of 
the invention can be carried out. A base station according to the invention is 
characterized in that the calculation means comprise equipment for calculating 
the distance between the base station and the mobile station on the basis of 
35 the timing advance defined for the mobile station and the propagation speed 
of the radio signals. 
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The invention is based on the realization that the position of the 
mobile station can be determined with significantly greater accuracy than in 
known solutions when its signals are received by at least two antenna beams 
directed in different directions and when the audibility of the signals received 

5 by the respective beams from the mobile station is compared. In other words, 
the audibility of the signals transmitted by the mobile station is normally best 
for the beam that is directed straight towards the mobile station. Thus it can be 
determined within which beam the mobile station is located. When it is further 
known in which direction the beam in question is turned the direction to the 

10 mobile station can easily be determined. How near the centre or respectively 
the edges of the beam the mobile station is located can be determined by 
comparing the signal levels of the signals received by the beam in question to 
the signal levels of the signals received by "the principal beam". Thus the di- 
rection from the base station to the mobile station can be determined from the 

15 relation between the signal levels of the signals received by the respective 
beams. In addition to this the distance from the mobile station to the base sta- 
tion can, according to the invention, be calculated on the basis of a timing ad- 
vance given to the mobile station by the base station and the propagation 
speed of the radio signals. In the GSM system, for example, there is already in 

20 use a so called timing advance TA given by the base station to the mobile sta- 
tion to inform it of how much in advance it should transmit its signals so that 
the signals will arrive at the right moment and in the proper time slot to the 
base station regardless of the distance between the mobile station and the 
base station. Thus, the distance between the base station and the mobile sta- 

25 tion can be determined on the basis of the timing advance when the propaga- 
tion speed of the signals is known. 

The most significant advantage with the solution of the invention is 
thus that the position of the mobile station, that is both its direction and dis- 
tance from the base station, can be determined with significantly greater accu- 

30 racy than previously, which among other things makes it possible to make 
handover decisions on the basis of the location of the mobile station, whereby 
unnecessary handover operations can be avoided, and for example to locate a 
stolen mobile station with greater accuracy than before. 

So that temporary disturbances would not significantly disturb the 

35 determining of the position of the mobile station, in a preferred embodiment of 
the invention the mean value of the signal levels of the signals received by the 
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respective antennas from a certain mobile station is calculated for a certain 
time period, whereby the position of the mobile station is determined on the 
basis of the mean values of the calculated relations. 

The preferred embodiments of the method and base station of the 
5 invention are revealed in the attached dependent claims 2-4 and 6-8. 

In the following the invention will be described in more detail in a 
few preferred embodiments by mean of the attached drawings, in which 

Figure 1 shows a flowchart of a first preferred embodiment of the 
method of the invention, 
10 Figure 2 illustrates a first preferred embodiment of a base station of 

the invention, 

Figure 3 shows an enlargement of the receiving beams of the base 
station in Figure 2 t and 

Figure 4 shows a block diagram of the base station in Figure 2. 
15 Figure 1 shows a block diagram of a first preferred embodiment of 

the method of the invention. The block diagram in Figure 1 can, for example, 
be applied in a base station of the GSM system to determine the position of a 
mobile station. 

In block A signals are received from a mobile station MS by several 

20 antenna beams directed in different directions. The antenna beams used are 
preferably relatively narrow beams that are directed so that they at least partly 
overlap (compare with Figure 2). 

In block B the received signal strength indication RSSI of the re- 
ceived signal is measured for the signals received by the respective beams. 

25 In block C a mean value is calculated for the RSSI values measured 

within a certain time span for each beam. By calculating the mean value for 
the RSSI values it can be avoided that temporary disturbances influence the 
locating of the mobile station. For example in the GSM system the time span 
in question can be chosen so that the mean value is calculated for a few 

30 bursts received from the mobile station. 

In block D a first beam is chosen which has the highest RSSI mean 
value (=RSSI1). In addition to this at least one of the adjacent beams is cho- 
sen as a second beam, whereby preferably the beam with the higher RSSI 
mean value (=RSSI2) is chosen. 

35 in block E the RSSI values for the different beams are compared by 

calculating the ratio of the RSSI mean values RSSI1/ RSSI2 for the chosen 
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beams. 

In block F it is checked if the RSSI ratio for the beams is greater 
than the predetermined reference value K. The reference value is chosen so 
that it is essentially" greater than 1 . If the RSSI ratio exceeds the reference 
5 value that denotes that the audibility of the mobile station is much better by the 
first chosen beam than by the second chosen beam, which means that the 
mobile station is located in the direction of the centre of the first beam. Hereby 
a transfer is made to block G, where the direction of the first chosen beam is 
specified, which is the direction where the mobile station is located. 

10 In block H it is checked if the RSSI ratio is nearly 1. If that is the 

case it denotes that the audibility of the mobile station is almost equally good 
via both the chosen beams. This again means that the mobile station is lo- 
cated in the border zone between the two beams. Hereby a transfer is made to 
block I, where the direction is specified where the border zone between the 

15 beams (and the mobile station) is located. 

Provided that the RSSI ratio of the beams is not greater than the 
reference value K, neither the RSSI ratio nearly 1, a transfer is made to block 
J. Thus it is ascertained that the audibility of the mobile station is somewhat 
better via the first chosen beam than via the second chosen beam, which 

20 means that the mobile station is located between the centre of the first chosen 
beam and the border zone between the chosen beams. If it is necessary to 
determine the direction to the mobile station more accurately than that, the di- 
rection in question can be determined by the RSSI ratio of the beams. That 
requires measurements made in advance so that a precise picture can be had 

25 of how the RSSI ratio between the beams changes when the mobile station 
moves from the border zone between the beams to the centre of the first 
beam. 

By following the flowchart in Figure 1 only the direction from the 
base station to the mobile station can be determined. In addition to this it can 
30 be necessary also to determine the distance from the base station to the mo- 
bile station. According to the invention the distance in question can be calcu- 
lated on the basis of the timing advance given to the mobile station by the 
base station, that is 



35 



distance = timing advance * propagation speed of the radio signals 
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How accurately the position of the mobile station can be determined 
in relation to the base station of course depends on the width of the antenna 
beams used and how accurately the base station calculates the timing ad- 
vance for the mobile station. For example in the GSM system the position of 
5 the mobile station can be determined as described above with an accuracy of 
typically about 0,5 x 0,5 km, when the width of the antenna beams is about 
30°. 

Figure 2 illustrates a first embodiment of a base station of the in- 
vention. The base station BTS1 in Figure 2 can, for example, be a base station 
10 in the GSM system, which base station comprises equipment for receiving sig- 
nals transmitted by the mobile station MS from the radio cell in the figure si- 
multaneously by four receiving beams 1 - 4. In Figure 2 the boundaries of the 
radio cell have been illustrated by a dash line R. 

The mobile station MS of Figure 2 is located in the border zone 
15 between beams 1 and 2, whereby its audibility is almost as good by beam 1 as 
by beam 2. That is the RSSI ratio for beams 1 and 2 calculated by the base 
station BTS1 is nearly 1. 

Figure 3 shows an enlargement of the receiving beams 1 and 2 of 
the base station in Figure 3. It is assumed that the base station BTS1 has re- 
20 ceived the signals with greater signal strength via beam 1. In that case the 
mobile station that has transmitted the signals in question is located in the 
area covered by beam 1. If the mobile station is located in the centre of beam 
1 , that is in the striped area A1 in Figure 3, the base station will recognize that 
as the calculated RSSI values for beam 1 are considerably greater than those 
25 for beam 2. That is the RSSI ratio is essentially greater than 1 . 

If the mobile station is located in the border zone A2 between the 
beams the base station will recognize that as the RSSI values calculated for 
beams 1 and 2 are essentially as great, that is the RSSI ratio is nearly 1. 

If the mobile station is located between the centre A1 of beam 1 
30 and the border area between beams 1 and 2, that is in the area A3, the base 
station will recognize that as the RSSI values measured for beam 1 are 
somewhat greater than the RSSI values measured for beam 2. 

Figure 4 shows a block diagram of the base station in Figure 2. The 
signals related to the same logical channel that are received by the base sta- 
35 tion BTS1 by the antenna beams 1 - 4 are fed through band-pass filters 7 and 
amplifiers 6 to the RSSI receiver 8 of the base station. In Figure 4 the RSSI 
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receiver 8 is shown in connection with the base station, but to facilitate cabling 
the RSSI receiver can also be arranged in connection with an antenna ele- 
ment in the antenna mast of the base station. 

In the example in Figure 4 there are 4 inputs and one output. The 
5 RSSI receiver chooses one of the signals fed into its inputs for further trans- 
mission via its output to the receiver RX of the base station. In the base station 
in Figure 4 the RSSI receiver 8 chooses a signal for further transmission by 
measuring the signal level RSSI for the signals received by each antenna 
beam 1 - 4 and by choosing the beam for which the greatest RSSI value has 

10 been measured. Alternately the RSSI receiver can choose the beam also in 
some other way, by also including a value representing signal quality like the 
bit error ratio BER in addition to the RSSI value. A solution like that will, how- 
ever, complicate the construction of the RSSI receiver. 

If such a receiver is used that can manage diversity reception, the 

15 RSSI receiver can have two outputs, whereupon the RSSI receiver chooses 
the two best antenna beams for use and transmits the signals received by 
these further to the actual receiver of the base station. With an arrangement 
like this an improvement of about 3 dB can be achieved in the reception of 
signals from a mobile station in the border zone between the sectors. 

20 According to the invention the RSSI receiver 8 feeds the RSSI val- 

ues measured for the respective beams to the calculator 9. The calculator 9 
can for example be a processor and a computer program added to the base 
station for locating the mobile station. 

The calculator 9 calculates the mean value of the received signals 

25 for each antenna beam on the basis of the measuring results. Since the base 
station in Figure 4 is a base station of the GSM system, where the frequency 
channels have been divided into time slots according to the TDMA principle, 
the calculator 9 first calculates a mean value for each antenna beam sepa- 
rately for each logical channel. After this the calculator specifies the direction 

30 from the base station to the mobile station as shown in the flowchart in Figure 
1. 

A signal denoting the timing advance TA given to the mobile station 
by the base station is according to the invention also fed to the calculator 9. 
On the basis of this signal the calculator calculates the distance to the mobile 
35 station as described in connection with the flowchart in Figure 1 . 

The signal POS fed from the output of the calculator thus denotes 
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the position of the mobile station in relation to the base station (direction + 
distance). For instance handover operations can be timed better on the basis 
of this information, since they are then based on information about the position 
of the mobile station. Additionally the information about the position of the mo- 

5 bile station can be transmitted further via the base station controller and the 
mobile switching centre to the network management centre, whereupon the 
operator can determine the position of the mobile station with even greater ac- 
curacy from the network management centre. 

It is to be understood that the above description and the related 

10 drawings are only intended to illustrate the present invention. Thus the inven- 
tion can also be applied in other cellular radio systems than the GSM system. 
To those skilled in the art various other modifications and variations of the in- 
vention will be apparent within the scope and spirit of the present invention 
disclosed in the attached claims. 
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CLAIMS 

1. A method for determining the position of a mobile station located 
in the coverage area of a base station in a radio system, in which method the 
base station comprises equipment for receiving signals from the same mobile 

5 station simultaneously by at least two antenna beams (A) directed in different 
directions, and in which method: 

the signal levels (B) of the signals received by the different antenna 
beams are measured, 

the signal levels of the signals received from the same mobile sta- 
10 tion by the different antenna beams are compared (C, D f E), and 

the direction to the mobile station in relation to the base station is 
determined on the basis of the relations between the signal levels (F, G, H, I, 
J) measured for the different antenna beams, characterized in 

calculating the distance from the mobile station to the base station 
15 on the basis of a timing advance (TA), given to the mobile station by the base 
station and the propagation speed of the radio signals. 

2. A method according to claim ^characterized in calcu- 
lating a mean value for the measuring results during a determined time period 
( C ) and determining the direction to the mobile station on the basis of the re- 

20 lations between the calculated mean values. 

3. A method according to claim ^characterized in choos- 
ing a beam by which signals with the strongest signal level have been re- 
ceived and at least one of the adjacent beams (D), comparing the measured 
signal levels for the antenna beams in question (E), and determining the direc- 

25 tion to the mobile station on the basis of the relation between the signal levels 
for the chosen antenna beams. 

4. A method according to claim 1, characterized in deter- 
mining that the mobile station is located 

- in the centre (A1) of the first chosen beam, if the signal level 
30 (RSSI1) of the signals received by the beam in question (1) is essentially 

higher than the signal level (RSSI2) of the signals received by the other cho- 
sen antenna beam (2), 

- in the border area (A2) between the antenna beams, if the signal 
level (RSSI1, RSSI2) of the signals received by the chosen antenna beams (1 , 

35 2) is substantially the same, and 
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- between (A3) the centre (A1) of the first chosen antenna beam (1) 
and the border zone (A2) of the beams (1, 2), if the signal level (RSSI1) of the 
signals received by the first antenna beam (1) is somewhat higher than the 
signal level (RSSI2) of the signals received by the other antenna beam. 
5 5. Base station (BTS1) of a radio system, which base station com- 

prises 

antenna equipment (1 - 4, 6, 7) for receiving signals from a certain 
mobile station simultaneously by at least two antenna beams (1 - 4) directed in 
different directions, 

10 measuring equipment (8) for measuring the signal levels of the sig- 

nals received by the different antenna beams, 

calculation means (9) which are responsive to the measuring 
equipment (8) for determining the direction from the base station (BTS1) to the 
mobile station (MS) on the basis of the relations of the signal levels measured 

1 5 for the different antenna beams (1-4), and 

equipment for defining a timing advance (TA) for the mobile station 
(MS) which is in radio connection with the base station to compensate for a 
time lag caused by the distance between the mobile station and the base sta- 
tion, c h a r a c te r i z e d in that 

20 the calculation means (9) comprise equipment for calculating the 

distance between the base station (BTS1) and the mobile station (MS) on the 
basis of the timing advance (TA) defined for the mobile station and the propa- 
gation speed of the radio signals. 

6. Base station according to claim 5, characterized in that 
25 the calculation means (9) are arranged for calculating for each beam (1 - 4) 

the mean value of the signal levels of the signals received from the mobile 
station (MS) by the respective antenna beams, whereby the calculation means 
(9) are arranged to determine the direction from the base station (BTS1) to the 
mobile station (MS) on the basis of relations between the calculated mean 
30 values. 

7. Base station according to claim 5. characterized in that 
the calculation means (9) include means for choosing the antenna beam (1) 
with the strongest signal level and at least one adjacent beam (2), whereby the 
calculating means (9) are arranged for determining the direction from the base 

35 station (BTS1) to the mobile station (MS) on the basis of the relations of the 
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signal levels (RSSI1, RSSI2) of the signals received via the chosen antenna 
beams (1, 2). 

8. Base station according to claim 5, characterized in that 
said base station is a base station (BTS1) of a cellular radio system divided 
5 into logical traffic channels in accordance with a TDMA principle. 
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